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What is a chameleon?

What is a chameleon?

® Scalar field from modified gravity
1 A ©
L=—-2(0p)P - Z¢p*+ =T M
200 = e o T
® General chameleon potential V() = A* (A)" By Charlesjsharp, under CC BY-SA 4.0
[

® Fifth force screening in environments of high mass density

® Unscreened force stronger than gravity for M < Mpjanck
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Coherence and decoherence

Coherence and decoherence

® Coherent state has non-vanishing off-diagonal density matrix elements

ol? a*
® Example: |W) =a|0) + 8]1) — p= (L,@"* |I[3|I[23)
® Decoherence:
, o2 0
® decay of off-diagonal elements — p = 0 18]2

® Caused by environmental influences, e.g. gravitational decoherence
[Blencowe (2012); Anastopoulos, Hu (2013);...]
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Coherence and de ence

Open quantum systems

System S

Born approximation: Environment barely affected by system — p(t) = ps(t) ® pe
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Atom interferometry

Atom interferometry
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[Jaffe et al. (2016)]
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Method of calculation M

Chameleon in a spherical vacuum chamber

Constant chameleon mass m, ~ with u = —1.287 and L : chamber radius

—u
V2L

[Burrage, Copeland, Hinds (2014)]
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Method of calculation

Density matrix

o7 (%)
pstohottl = [agy® [ DoMexp [ (SI6Y ~ SI6%1+ el 07D sl . ]
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[Calzetta, Hu, Nonequilibrium Quantum Field Theory (2008)]
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Method of calculation

Evolution of the density matrix
® Time derivative of ps[q&}, d)%, t]

i OSie[¢}, ¢?]

— Beps[6f, 07, 1] = — (HIoH — HIoF}os[of. 7. o] + 5 = !

p5[¢)1‘7 ¢%7 t]

® Perturbative calculation of influence action Sjr up to second order in A and <Mi>

® Canonical quantisation: ¢! (x)¢2(y)p — H(x)pd(y)

® Projection on momentum basis of single-particle subspace

A QY .
ps = /—(W 1Q)(Q15s1Q) Q]
PP /

/ S 9@ ls(@. @)
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Master equation

Master equation

OepslK, K'1= —L[H, ps] + - Nps] + Dlps] + iFlps]

® Coherence shift R[ps] ~ (p)/ M
® Decoherence kernel D[ps] ~ ({¢)/M)?

® Diffusion kernel F[ps] ~ ({¢)/M)?
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Master equation

Coherence shift
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Master equation

Decoherence kernel - Markov limit

t
1 d3k —iT(ws Awz—wy)
D = —R d f(K, k K—k ' “K Tk K, K’
sl = 1 {/ [ G (e 0e b )os(RLR)
0
_ fl(K,K/,k) :-r(w‘% 7Ter K)Ps(k K+ K- K)
— B(K,K', k) iT(w ',—WE_R_WE)pS(K/ +k— R" E)]}

® Markov limit: fot - [

oo . .
o | dreT*™ = 7§(x) £ L — D=0 for mg < 2mat
0
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Master equation

Decoherence kernel - Non-Markovian case

t
1 g(T)/ d3k —ir(wS Awz—ws) T
D = —=R d f(K, k K=k KTk L K, K’
s - {/ i | Gy | (P e + ) os(R, K
0
? , —i‘r(w57»+w;—wR) 72 - —
—R(K K K)e T TR R ps(k, K + K — K)
— B(K, K, k) iT(w ',*wgfkfw;?)ps(K/+E_R7 E)]}

® Smooth coupling function g(7) avoids initial time singularity
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Master equation

Decoherence kernel - Non-Markovian case

Example: g(7) =

8
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Master equation

Decoherence kernel - Non-Markovian case

Stationary phase approximation —

-

Dlps] ~ %{( % Demir s m(1,R,K) ) ps R, K)

t
Fa(K,K") _; o o o o »
_ ( 2( 73 ) e~ itw2 hz(T, K, K'))PS( Mat R,K' — Mch K)
Vit Mat + Mepy Myt + My
F3(K, K’ > >
_ ( 3( 73 ) —Itw3 + h3(T K K/))PS( Mch K’, Mat K,)
\/E Mat + Mcp Myt + Mep

® 3/2 decay
® t-constant pieces depending on time scale 7

® Small population changes

Christian Kading
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Master equation

Experimental implications S
Assuming: \
N
® Rb atom (mat = 87u) N
® Vacuum chamber radius L = 1m AAAY ¢
® Momenta K =1m® and K’ = 10m®
® Coupling M = Mpjanek /10
[s3 t] 1
— Dlps] = S %107 cos [cof} -
t3 s]s
1
N[ps] ~ 107%6=
s
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Summary

® Chameleon present in quantum experiments

® Small coherence shift

Small decoherence

® Formalism has other applications: other screened fields, axions, dilatons,...
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